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TECENICAL NOTE No. 1231

THE STREAMLINE PATTERN IN THE VICINITY OF
AN OBLIQUE AIRFOTL

By Charles E., Watkins
SUMMARY

A nmethod for determinlng the stresmline flow pattern of a
nonviscous Incompressible fluid about an obligue airfoil from
the corresponding fiow patiern atount the airfoil in normal
poeition is presented and 1llustrated with two examples, The
method can be extended to account approximately for compressi-
bllity effects by applying the Prandtl-Giauert correction factor
to the flow pattern that 1s moymal to the leading edge of the
alrfoll. The method 1s expected to be useful in determining the
shupe of a fuselage or nscells having a minimumm of interference
wlth the flow over a swept-bask wing.

INTRODUCTION

The problem of determining the two-dimensional flow of a
nonviscous incomrressible fluid sbout arbitrarily shaped airfolls
has been solved by the sppiication of conformal transformations
(reference 1). The solution is applicable, as indicated by the
term "two-dimenasional," when the alrfoil is consldered as a
cylinder of infinite length with 1ts generating element normal
to the direction of motion of the fluid. When the ailrfoil is
oblidque to the dirsction of motion of the fluid, the problem
of determining the flow 18 a three-dimenslonal problem even
with airfoils of infinite span.

Reference 2 points out that when the airfolil is obligue to
the direction of motion of the fiwld the streamlines must bend
laterally as well as vertlcally in pessing over the airfoil, and
that the 1ift and flow disturbances created by an oblique airfoil
of infinite span are due solely to the component of flow normal
to the leading edge of the airfoil. The component of flow
parallel to the axis of the airfoil has a constent value depending
uponr the veloeclty of the uwndisturbed fluid and upon the angle of
obliquity. Calculation of the three-dimensional flow pattern
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about an oblique airfoll Por a given 1ift should therefore be
possible by the superposition of a uniform velocity parallel
to the axis of the airfoil on the two~dimensional flow pattern,
normal to the airfoll, required to yield the given lifs,

. The favorable effect of sweepback (that is, reduced pressure
drag) on the high-speed cheracteristics. of a wing was shown in
reference 2 to be asscciated with the lateral displacement of the
gtreamlines in passing over the wing. At the root section of =
gwept~back wing or at the junchture of an oblique wing with a
fuselage or nacelle the laterdl displacemont is ordinarily prevented
by interference. There 1s, however, a posslbility of shaping the
fuselage or nacelle to accommodate this displaecement for a gilven
1ift and thus to minimize the flow disturbasnce when the ailrfoll
i1s at the proper atititude to produce the givern 1ift.

The purpoege of the present peapor is to set up a method for
calculation of the streamline pattern sbouwt an oblique elrfoil
and to give speciiic examples of the nonviggovs-Iincompresgible-
fluid flow patterns about two particular airfoils, The method _
could be easily extended to account approximately for the effects
of compressibllity by applying the well-known Prandtl-Glauert
correction factor to the comvonent of flow normal to the leading
edge of the airfoil. -

It should bs pointed eut that the boundary-layer effects
are expected to bo more promlneént in flow over an obligue alrfoil
than In flow over & normal airfoil. The theoretical computations,
consequently, are not expected to agree as well with experiment
ag those for a normal sirfoil.

SYMBOLS

Uy undisturbod velocity : > : e
U total local velocilty . —

U, ' component of undisturbed velocity normal to leesding edge of
airfoll (U, cos f) :

Ut component of total local velocity normal to leading odge of
girfoil o _ ) e S

W vertical component of velocity

engle of obliguity or sweep measured from normsl to direction
of wndisturbed flow
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€ engle made by resultant local-velooity vector with
horizontal plane

E¥ angle made by vector, representing component of local
velocity normal to leading edge of airfoil, with
horizontal plane

Q acute angle between projection of resultant local-
' velocity vector cmbo horizontal plane and direction of

undisturbed flow, same sign as égly cos € - %)
o

W stream function

x, ¥y, 2 Cartesian coordinates denoting eny point in field of flow

FLOW PATTERN ABQUT AN OBLIQUE ATRFOIL

Consider an airfoil of infinite span, with camber and/or
angle of attack to produce a desired 1ift, placed obliquely at
en angle A, relative to a normal to the direction of motion
of undisturbed fluid (fig. 1). At a great distance ahead of the
leading edge of the alrfoil the vector quentity U, representing
the velocity of ths uvndisturbed fluld can be resolved Into components
normel to end parsllel to the airfoil. (See fig. 2.) As indicated
in the "Introduction," the componemt of flow Uy sin A parallel to
the axls of the alrfoll at a great distance shead of the airfoil
is the seame as the corresponding component teken at any point.in
the field of flow; that is, the camponent of flow remains constant.
The component normal to the wing changes with local velocity; its
value U, cos A at a great distance shead of the airfoil is
denoted by Uy®.

Throughout the remainder of this dilscussion 1t 1s clarifying
to conasider the flow pattern about the oblique airfoil as consisting
of two separate fields of flow. The components of flow normal to
the alrfoil are considered as one complete flow field with
. undlsturbed velocity Usy® and hereinafter are referred to as
"normel flow pattern" or as simply "normal Fflow." The actual

flow pattern with undisturbed velocity U, is considered as a
seccnd, separate problem.

As previously pointed out hereid end In reforence 2 the 1lift
and flow disturbances created by the airfoil are produced solely by
the normal flow. The streamlines of the normal flow pattern and
veloclty ratio U’/Ub' along the streamlines, required to produce
e given 1ift, can therefore be obtained from two-dimensional con-
siderations. Reference 2 also indicates that any disturbance of
the fluld created by the presence of the airfoil, whether the alrfoil
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is normal or obligue to. the Stream dirsction, takes place along .

perpendiculars to the surface of the girfoil. The vertical - v

displacement of streamlines, therefore, is the same when considered

a8 belonging to elther the normal or actual flow fisld. The seme —

reasoning epplies to vertical compcnents of velocity w. o __
From the foregoing consideratiaons the direction and magnitude

of the velocity at any point of & streamline belonging to the

normal flow fleld can be compounded with the nomstant cumponent o=

of flow that is parallel to ¥he axis of the airfoil to yleld the -

magnitude and direction of flow at the same point in the actual

flow field. (See fig. 3,} In order to obtain the lateral dis-

Placement of any streamline in the actual flow field fram the —

corresponding streamiine in the normal flow fleld, the vectors :

representing the velocities of the two fislds at each point of a

streamline of the normal flow field can he projected onto & horizontal

plene. (See fig. 3.) This preoess gives u Alrection or slope

relative to the fluid divesdtion U,. Since fhe vertical components

of veloclty are the same in sach f?.eld., thig slope can be expressed —

in terms of known quantities. From figure 4, it can be seen that )

Ug' tan A tan L -~ tan 2
U’ cos €' 1 4 ten A tan (2 -

tan (A - ) =

end, therefors,

g:yf=tanﬂ

U' cos € tan & - U’ tan A
U,' tan=L o U' cos €

t
sen & (for co0 € - )
= T S o (l)
g—-—T cos €' + tanEA . : - ' -
Q L.

where y 1s the lateral displacement of the stresmlines, x 1is

measured in the direction of undisturbed fluld Uy, (3 is the ascute .
angle between the projected velocity vector of the actual flow :
field and the direction of undisturbed fluid U,, and € is the
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angle that the velocity vector of the normsl field makes with the
horizontal plane. The lateral displacement for any value of x
is then given by the evalustlon of

¥y = tan 3 dx (2)
. x1

provided. x; is taken far enough ahead of the airfoll for the

disturbance in the flow to-be negligible. The three-dimensional
coordinates of streamlines in the astual rlow field can now bs
expressed &8 X, ¥, anl z where 2z ig the vertical displacement of
streamlines common to both the ndrmsl and actuval flow fields.

APPLICATION 70 SPECIFIC ATRFOILS

In order to meske clear some of the characteristlcs that are
to be expected of flow patterns ebout swept-back airfolls and to
outline briefly the procedurs involved in deriving the pattern of
flow, the metnod that has been discussed is applied to two generalized
Joukowski or Kérmen Trefftz airfoils. The gonerslized Joukowskl
or Kdrmén-Trefftz airfoils are used because the camputation of their
normal flow field is relatively simple. The transformation and
pertinent formulas required to obtain these airfolls and -their normal
flow patterns can be found in reference 3. For alrfoils of more
general character, the method of reference 1 may be used to obtain
the normal flow pattern or it might be found expedient to obtain the
normal flow pattern from wind-tunnel data . '

Exempls 1.- A normal section of the first airfoil has a
meximum thickness ratio of ebout 10 percent chord at 45 percent
chord from the leading edge and sufficient camber to yield a lift
coefficient of 0.2, relative to the normal flow, at zero angle of
attack. This airfoil with some of the atreamlines of the noymal

flow field and the velocity ratio U'/U,' along these streamlines
is shown In Tigure 5. o ' : .

By starting shead of the alrfoil where the streamlines are
aelmost stralght and in the directlon of the undisturbed flow, or

where all veloclity ratios are very nearly equal to unity, snd b
continuing behind” the airfoil to where the Sams oanditichs obtain,

correspending values of, z &nd U?/U ! at small intervals of
x co?.§ can be taken from figure 5.to apply im equations (1)
and (2 . ' o -
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The angle ¢! of equation (1) can be foumd from corresponding
values of Ax cosl and Az by use of the sguation

AZ
' o —
€ arc tan oo (3}

With corresponding velues of €' and U?!/U,' thus obtained, the
lateral displacement y can be computed by eguations (1)} and (2)
for eny value of sweepback A.

The lateral dieplacements of the streamlines in the actuel
Plow fleld, corresponding to the streamlines of the normal flow
field ghown in figure 5, are shown es fumctions of x in figure 6 -
for A = L45°, Tt will be noted in Pigure 6 that no stagnation
point exists in the actual field, At the polnt corresponding to
the stagnation point of the normel flow Ffield thers is thne constant
component of flow parallel to the axis of the airfoll. Photo-
graphic views of a modsel of the alrfoil fitted with an end plate
that 1s shaped according to the verticel and latersl displacementis
of the streamlines ars shown in figure 7. The lateral dilsplacement
of corresponding streamlines above and below the slrfoll are
different. (See figs. 6 and 7.) For a given airfoll at & given
angle of sweepback the magnitude of this difference ls related
directly to the difference in locel velocltlse on the upper and
lower surfaces end consequently to the circulatbion.

Exemple 2,- A normal section of the second alrfoll has a
meximm thickness ratio of ebout 12 percent chord at about &7 per-
cent chord from the leading edge and sufficlent camber to yleld
& lift coefficient of 0.5, relative to the noxrmal flow, at zero
engle of attack. This alrfoll with some of the streamlines of the
normal flow field and veloclty ratio U'/Ub‘ along the streamlines
ig shown in Figure 8.

The lateral displacements of the streamlines in theé actual flow
fleld as functions of =x are shown in Ffigure § for A = U45°,
Photographic views of a model of thils alrfolil fitbted with an end
plate that is shaped according to the vertlcal end lateral displace-
ments of the streamlines are shown in figurs 10. The seme charac-
teristica that were polnted out for the 1lO-percent-thick elrfoil
can be noted in these figures. In figures ¢ and 10 the difference
in the disgplacements of corresponding streamlines above and below
the 12-percent-thick alrfoll can be seen to be much greater than
the corresponding differsnces shown in figures 6 and 7 for the
10-percent-thick alrfoll. This veriation is to be expected since
a much greater clrcvlation is required for the higher 1ift coefficient
associated wlth the 12-percemt-thick airfoll.
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DETERMINATION OF SHAPE OF BODY TO CONFORM WITH
FLOW ABOUT OBLIQUE ATRFOIL

Since the streemlines are labterally displaced In passing
over sn oblique airfoil, it can be seen that if two such alrfolls
are brought together to form a swept-back plan form, the tendency
toward a lateral bending of the streemlines on ore alrfoll wouvld
interfere with that on the other. Also, if an airfoll is attached
obliquely to a fuselage or nacelle, these bodies would interfere
with the bending of the streemlines. Such interfersnces might
neutralize the favorable effect that would otherwise be obtalned
from swesepback. It is, therefore, proposed thet the fuselage and
nacelles can be shaped in accordance with the streemline pattern
for a given design lift coelficlent andg thus, minimize the inter-
ference in flow in the neighborhood of this 1ift coefficient.

In shapling a body to £it the streamline pattern g&bout an
oblique airfoll the difference in the dlsplacement of streamlines
above and below the ailrfoll must be accounted for by an offset
or "shelf" in the part of the body behind the trailing edge of
the airfoil. The general characteristice of the shape that bodlss
must have can be seen in flgures T and 10.

I.anéley Memoriel Asronautical Laboratory
Nationsl Advisory Cormnittee for Aeronautics
Langley Fiseld, Va., October 2, 19k6
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Figure 3.- Vector diagram of flow at & point near an obligue airfoil,
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(a) Front view of upper surface.

Figure 7.- Model of generalized Joukowski airfoil fitted with end plate
shaped according to streamline pattern. Maximum thickness ratio,
10 percent chord; lift coefficient relative to normal flow, 0.2; angle

of attack, 00; angle of obliquity, 45°.



NACA TN No, 1231 Fig. o

Rl 2 . . ‘ : /y/qc"q _:-:.-..N.
. LmAL #8918

(b) Front view of lower surface.

Figure 7.~ Continued.
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Fig. Tc

Rear view of upper surface.

Figure T.- Continued.
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(d) Rear view of lower surface.

Figure 7.- Concluded.
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(a) Front view of upper surface.

alized Joukowski airfoil fitted with end plate

shaped according to streamline pattern. Maximum thickness ratio,
12 percent chord; 1ift coefficient relative to normal flow, 0.5; angle

of attack, 0°; angle of obliquity, 450,

Figure 10.- Model of gener
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(b) Front view of lower surface.

Figure 10.- Continued.
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(c) Rear view of upper surface.

Figure 10.- Continued.
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(d) Rear view of lower surface.

Figure 10.- Concluded.



